The APETALA2/Ethylene Responsive Factor (AP2/ERF) gene family has been shown to play a 22 crucial role in plant growth and development, stress responses and secondary metabolite biosynthesis. 23 Nevertheless, little is known about the gene family in ginseng (Panax ginseng), an important traditional 24 medicinal herb in Asia and North America. Here, we report the systematic analysis of the gene family 25 present in ginseng using several transcriptomic databases. A total of 189 putative AP2/ERF genes, 26 defined as PgERF001 through PgERF189. The 93 PgERF genes that have the complete AP2 domain in 27 their open reading frames were classified into five subfamilies, DREB, ERF, AP2, RAV and Soloist. 28 The DREB subfamily and ERF subfamily were further clustered four and six groups, respectively, 29 compared to the 12 groups of these subfamilies found in Arabidopsis. Gene ontology categorized these 30 397 transcripts of the 189 PgERF genes into eight functional subcategories, suggesting their functional 31 differentiation and they have been especially enriched for the nucleic acid binding transcription factor 32 activity subcategory. The expression activity and networks of the 397 PgERF transcripts have 33 substantially diversified across tissues, developmental stages and genotypes. Then, the expression 34 change of six PgERF genes randomly selected from DREB subfamily, i.e., PgERF073, PgERF079, 35 PgERF110, PgERF115, PgERF120 and PgERF128 responding to cold stress suggesting that DREB 36 subfamily genes played an important role in cold resistance of ginseng. Finally, we studied the 37 responses of the PgERF genes to methyl jasmonate (MeJA). 288 (72.5%) of the 397 PgERF gene 38 transcripts responded to the MeJA treatment, with 136 up-regulated and 152 down-regulated, indicating 39 that most members of the PgERF gene family are responsive to MeJA. These results provide resources 40 and knowledge necessary for family-wide functional analysis of the PgERF genes in ginseng and 41 related species.
The encoded AP2 domain of the PgERF genes was aligned using the ClustalW program [39] and 126 an unrooted phylogenetic tree was first constructed from the genes to have a preliminary phylogenetic 127 tree of the PgERF genes. Then, another unrooted phylogenetic tree was constructed using 93 of the 128 predicted PgERF genes representing the AP2/ERF family in ginseng and 147 AtERF genes previously 129 identified and annotated in Arabidopsis [7] . These two phylogenetic trees were both constructed using putative transcripts of PgERF genes were measured as transcripts per million (TPM) and visualized by 145 expression heatmap using the R programming language and software (http://www. the same genes ( Fig.S1 and Table S3 ). However, the other 51 (27%) PgERF genes, whose sequences 178 were quite different from Korean ginseng AP2/ERF genes, were assigned as newly discovered 179 AP2/ERF genes in ginseng ( Fig.S1 and Table S3 ). (Table S4 ). Analysis using the ExPASy Server showed that these putative proteins had an isoelectric 187 point between 4.43 (PgERF025) and 11.12 (PgERF180) and a molecular mass ranging from 11.00 kDa 188 (PgERF140) to 62.83 kDa (PgERF159) ( PgERF140, were also classified into the AP2 subfamily as they have high sequence similarity with the 204 members of the AP2 subfamily, even though they do not contain two repeated AP2/ERF domains. Of 205 the 75 remaining PgERF genes, 48 and 27 were classified into the ERF and DREB subfamilies, 206 respectively ( Fig. 1 ). Furthermore, the DREB and ERF subfamilies of ginseng were each further divided 207 into six groups, A1 through A6 and B1 through B6, respectively, or these two subfamilies were divided To determine the phylogeny of the PgERF gene family, the 93 predicted PgERF genes whose 214 transcripts had complete AP2 domains were also used. An unrooted phylogenetic tree was constructed 215 from the 93 predicted PgERF genes for the PgERF gene family. The result showed that the PgERF 216 gene family was apparently classified into five clades, corresponding to ERF, DREB, AP2, RAV and 217 Soloist subfamilies ( Fig. S2 ). Then, we constructed an unrooted phylogenetic tree of the PgERF gene Moreover, we constructed the heatmaps of the PgERF genes expressed at different 298 developmental stages of roots, in different tissues, and across different genotypes to find out whether 299 the expressions of the genes were co-regulated. The results showed that although the expression 300 co-regulation was observed for some of the genes at a developmental stage, a single tissue or a 301 genotype and across developmental stages, it was not apparent across tissues or genotypes (Fig. 5 ). For 302 instance, PgERF140-12, PgERF046, PgERF089-3, PgERF093-3, PgERF108-1, PgERF184,
303
PgERF118-2 and PgERF170 were apparently co-regulated at a developmental stage and across 304 developmental stages of roots (Fig. 5A) . (Fig. S6A) . The network 312 consisted of 364 gene transcript nodes, 5,303 co-expression edges and 17 closer co-expression clusters 313 ( Fig. S6A and B) . Nevertheless, the tendency of this network formation had no substantial difference 314 from that of the network formed from randomly selected ginseng gene transcripts ( Fig. S6C and D) . In co-expression edges and 24 clusters ( Fig. 6A and B) . The tendency of this network formation was 318 stronger in terms of number of nodes and number of edges than that of the network formed from 319 randomly selected ginseng gene transcripts ( Fig. 6C and D) . Together, analysis of these networks 320 revealed that the gene members of the PgERF gene family were functionally quite independent, even 321 though some of them formed a co-expression network, because the tendency of the network formation 322 was similar to that of randomly-selected unknown genes. As a perennial herb, ginseng is frequently suffering from various environmental stresses.
330
However, to date, the molecular mechanisms of the stress tolerance in ginseng were not clearly 16 331 clarified. To discover the potential functions of PgERF genes in resistance cold stress, the expression 332 patterns of six PgERF genes randomly selected from DREB subfamily, i.e., PgERF073, PgERF079, 333 PgERF110, PgERF115, PgERF120 and PgERF128, in cold-stressed ginseng hair roots were analyzed 334 by qRT-PCR. As shown in Fig.7D and 7E , two members of I group of DREB subfamily, i.e.,
335
PgERF115 and PgERF120 were firstly up-regulated but then somewhat different from each other by 336 cold stress. Expression of PgERF115 gradually rose and the highest change showed at cold stress for 337 24 h (about 13.06 times higher than the untreated hair roots), and after that time point, the expression 338 level of PgERF115 declined regularly. PgERF120 respond quickly to cold stress, reaching a 26.88 339 times higher than the untreated hair roots in cold-stressed ginseng hair roots for 6 h and regularly MeJA is a plant hormone and a kind of elicitors and has been widely used in regulation of genes 356 involved in ginsenoside biosynthesis in ginseng [38] . Therefore, we further analyzed the expressions of 357 the PgERF genes in the adventitious roots of ginseng treated with MeJA for 0, 12, 24 and 48 h, 
Conclusions
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The present study, for the first time, reports identification and systematic characterization of the 463 AP2/ERF family present in ginseng, i.e., the PgERF gene family. A total of 189 PgERF genes that were 464 actively expressed in 14 tissues of a four-year-old ginseng plant were identified and these genes were 465 alternatively sliced into 397 transcripts. These PgERF genes were also classified into five subfamilies
